J*»> Varies hn< W<i<ui ri-»>p >' ^ 

. ?^;r;r;, mianiii luniffin: m 



X 



2^ n/mmm u 



MM* 



!. n i \ tr< \i « i *! f \ ~ !N s f (. "1 i f 5* t 1 t i'* » K sU \ 

Tot ?<u b & irvfi * ^ v ' - M). ^ il ~>rc\i i' v- V kUu>>Hr, ! t. m.u 
oe jitxn uo^vnjii \ A„vi iUvxJ^ubvl ti U ^ I'um!) ^.^oi^^s ^ 



by using comsJation. In the condatios a fcaown pseudc-xandoa* spreading code is 
correlated with the received signal Ltitsss. L is the rammer of paths of (he multipara 

T 4<Ks 4 "!U *i ' di OKv ui'UM tU iANfMOtWu K 

shifted by a time difference $[X which csn bfc the same as the duration of a chip, 

hi the transmitter 262 the- subset comprising .at least oos axrieooa response is fed to a 
Coefficient uail 230 thai ealeiUatcs the coefficients &\ -&{,< for each &meno.a element 
200-204 transmitting a signal. 'T he signal to he rnmsmitted is multiplied by me 
coefficients using the nihldoliers 232-236. The signs! weighted by the coefficients a- 
-%. s is then converted to an. analog signal by !>/ A-conveftsrs 23S-342. After that, the 
analog signals are convened to radio frequency signals m RF-oaeaos 244-24$ and the 
radio frequency signals are trassmdted by the antenna elements 200- 204. 

■ Low receivar complexity is one of the important design goat:; for downlink 
Tin nvj^u - when. K*K sd ^ r-'^^u hvi Ui i Uus< u w u. 

■abilities, 

it is v.v<dl known that chasms-', stais.- ^Jvmat'on at the tr>.;os v nitt^£ cvs ciVance U>o 
system penbrrrtanct sjp;t*fseaod> Uosveves, ct pukIk: 1. vyatctu? oeh ruskal 
channel rrdlamaUi-u fna\ he axauabio tns k~^i?*KUter cLt ;o th_ x hmsud nx.au, <<* 
the feedback resources 



23 Ikoctr, ti is imperii , i»- o\$v j Ktdbsusv hssc* u< irt.-^ or *cluii ^ oj f c \ 

24 whet* partial eh& is vt'HUwb au ^oit a, iv ^ a?i^'5 

26 have beeo deveh p«-o, bet a*.* ^> 
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SUMMARY Of THE TNVTNTIO 



2 



Itiv KiOnSo.m \>~V!<-m<* MaHivri'!!! u^>" ttu t i< v>tt>^ 

4 A; i c oi too ^ it»»n ii>iii*i it to v 1 *. i T v ^ i ^ ^ ti" i <*o ^ t.o 

^ e* \< i s r>t f v >r moi r h- iff K rn ot < v ~s o"*s t > "> 4 f~i « (v ) n f 

iiixlEF IV ^ <}P , ION O; j H >k \WiVl 
onor ;sn. 

i >) kX i \ iv i ff 1 h XOV\ I O ) 4^ t «J»i Mn 1 <• I ^ 1 

,iV!'l\\'\ >a < f ]; w o,v r > <v \ 1 oo 1- r Jo^^ n< ~ w\ t^wo^ set v 

H <n ^t.b L-< kiU 4 " tn>K\->M. N 6 ,»,f j- f vtols.r s;nsu? _r n>ii,Ofc' 
v N ^p-»*oi« ~o ^Kf\ns-\ f.o\^*\ u.p'^^ais^srei)i, ooh ,vfOvU 
Ou ( \i oi ,i ni fix *a w m\u t s ^ h v iJ*to e\ t *k 1 o<*eJ ju art or 
13 w it ^ ih?A j v so* { o^ i'o^o it - "\>ort> l < »v*iyis *cj dl\ *a 1\ > ^ 



\*. serr.cv \?r the ea^i. h f K u p.m^a] ehajuel aJViJvation 3* >35<a*de a*, i'u' 
l at V ( f i-vs is uuv.soik Uv ■> \ isvfis^ j ivi,u \s <»i i \^ 
quantized channel information lave been developed. 

L> tU't vuxL \%t pe^eri « des^r euk t>o:> aisd lxvarJosn«:? •,\w.u.c , h-ks w'meb 
nuke u\e 01 5;> salt ^ eO'Wt, "Jk stW^jk b} t e t ,<J t \m t!\^ dit ° >^u\ \^ 
n?e\ita r^itiJi K n'jki ^ul.< -t <t\4 to mu» rpk v3 1 >n* a !<i It .^t u 
ameuna systems., fc the second pan, we presesst an sdgorhhm so e sLLenci the 
tv^tiTOurv; o >d\xvk o 3 m~.t\svrii , mwb \tvras i hw§ :> . c ,\ .3 
finite sv.xmber of feedback bits. We will show that hotis ihe scbcni-si; result in better 
perfojmance at tower decoding eoasplexiry compared it? sjpace timu coding. In 
particular, we catt show thai ntiit rank bsiamforrausg scberr-es are o&efcl whes the. 
trar3am!saio.n rate is small hi tdci. we can show thai the unit ruiik bearnthrnung 
schemes result in skrsiiiearit pvruwsanee gains ovet space nvue eedsn.ci sevbsvi-e.s 
whet* . ; i < 1 , when? R is the rate of transmission in bhs/sec/rk, r -s the msxsber ot 
receive antenna? and t ss the ouihber of transmit antennas. When this condifom for 
unit rmk beaui forming is not ;neL s.e., for .higher transmission sates, wo propose 
hsgr-.e- ra^k beainfs^i^v ^hoiees h\syeo „-;r the opvn^ "Vaunt ai^f-r dtr^ t^.:-j 
finite rate feedback. 



O'er;-; eer a reu'i«pje antern * ^\Mero w\th * *ra~snut ,jue:..na\ and? v e^ei\c vtfe~n»:r, 

sntoli that ;ltov*ated t« Figure {. Letys suppose that we wish k? transmit at a 

\LH\-tud U v u\,Mk> of K hiu&ec-'Hz Wi- d-enok the t \ ! r/^tsisrrattcd -vcxiov by "X 

wH?\ the 1 \ . Kocived vector is demoted by Y. The additive white t30.be vector ;s 

dou-^^d bv \ v- vie the tVeqtsency noii-se'lcctive Rayk-gU iadirsg thanucl berwo^a 

tt n\u^n3i! jinking ai:d the tcx^i^ <■< Anttrn.^ 3^ &\ iht. 

r \ * m^r«\ 1> W «th this r.otat)c-n ; ti^o received signal Y can he expressed as 

V HX - \ (5) 



I T v «j r tsjoo! Uwg s is-j-sroe-J .o b. qu<^ vt^sc c\v- con v. \ - . *1k v\.crol .ow*t^ 

c-n^'U 1 : vvtiv. c ttj&K %H'0 the ohw»J rt.;;Ju.,.iu,r 10 iri'twlci^ uoi\ fiur'.o *o 
: < fame Wu« .iss-aiut. ^t*hevn^ji:v> ^Ln'^vn por.uiUy v.5 *iu *eoo>vcr '^t^ tj ^ 

v,L«o;vi f.ori r.o^ut ^ ift? \dt ^niV,^i Vv^* <..t«^e r* bits- .\ 'k^a ^ >j 

\C> \v„ \m l t*r*-1 o^t .v. ;c"k Kvri onjo.:)*: ^UiT^ o >i aual> v c'.vr s r>..f .onKrsK ' 

i C \).o;ub»Uw in tho. >r.oor«ioi ca.~< >vhe?s tbc uiur.K; u\evc j-Jct 1 ^ .n »tM;« u J 
^ 1 F..^hc;. vv\ n AO sooo.i< ibM .)o.t Tf.«"W xaauo^ncne w: roift ok' f\ve *o 

" J'pvp thai the iuuisfujstss'of o^'^- -ktLijx-ad xiiivitx.ct.TO* L\ ohviu*... 

1» ^ »\ .\'^ i!*? Cos toatuco 0" tho nvon^cn *hc a.\oJmr coroou^'uy oi 
■"5 ur..: u.u\ ^-o i?r (o* \iv ~. scikino is ^taopojJetn oi tbe oj^^t o» u>.nsu ' . 

Ise.H oi<f«"i l \.*bio-»tt)e .03i\MTUonc^.L^ -o nvV \r or.^\ior .u'Jrr.o m-\ porvkta 

""^ <ik' a<\(^>.>^ <u o t *bo do^vvt^ ^oa«rk\^>. issue* t roVj -m; s. \m-. K e. s>i- 
"*> tho>;^ismtv«t}fto;^N ) 4 o >s* x a w<. oxutr cod^ ^ivs-Jo av^^ j m iliv n.vsji. * 



^ > ' Mfu (.I'M i }s Jty f U, ii \! Sili „i» ( lH tiwJ *> 5 k> - M "* 'l* k \ 

v ik&\ die <-\ro'5 y 03 «. moh r-o,-sunvo^ the outage prn^imon is 



don ^ a-vs o» TSwVlor o ik Uamu. * Yi* V.\a^ 1"<su Ri^Uv <\ m ot ont \<-V.cii 
*-iw»s kit pA'h it*<A»n\«.o \>beu V i Ik do* ire** v\\«»* "\tu ^ H 



s Vni^eiiU'sv v f v' t!0 s"!\t K,i \fr 'stirs' i *' roevi w \ \-srt\o\M\V <^ VC* 
< v offer Ju^atxCui.^, t»c 1 1' *o\ m a^K'-ujn .r<r. <~ "> * con. nvrmv, n o <. o ->^o* 
Uiot ik >*utai.t wood^i'w o' ho i\s*o' 1 b i>joo. j*ol* ^ as Vk>\\ 
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wo a..u Fern r M M4u 

1 VVher« r., ■■■■■ ' ar*d •". ij. a ftmct oo N, ^ c ■> 

i Hence, 'with the above quantisation m'o ' V * >«u'«r nor o<> v^c >o ^ v n > h 

4 ame^r-ax also. The design crikrbn io» o<i >k v \ 0 w kKw* ^ ihc u 

5 smgte receive .antenna is U-erefbrs gwen ©v 

?.« m max C<)j, x 



I ^*tc ti^top^iute oomorsi.r\t.'v ike 3.b<>\L os ft ;' s.,ioa.oxi ,s rrtxtbes- , >.'0ji1I> 
tqtijviikatf -o the --^-aVn >aUvvno/c i>f oo s rsv.n v}<iet NiOPte'Jaiio^ tmcj- 
rohcsMi cor^sef j*cor> lif-rco, xk .he o^-^uooo^ sO-aio4v< t>M i.t >v\ 
<ot<>wUM>*} clo*; j e.'i'v'Soh-^ te r e ^e >xt Umnvi «ioM w r< *w Mo; Vv t t e 
quami'Asuon metric given fey (2). 

Fsjasrs 2 shows the pedonrsance of the quantized unit rank bs-srtjforfiiers with tour 
tj-ifi^nji <usien;-v<ii, ro>* iwo'^on e aaienoa^ tras^rrcjiu.* ^ k ~ b <*< } v ^com 
104 axi<i I tV) \n- f e^'^v^.x; of a so,^o-bne tud'tsj; oehoo,e eVe.N ;xx i^t 
<i*o- viv • v ..v ^Hvuni ? 5 ais ^11 -r> i al * tic *<» <„ v 

v < h j^uso." iomo Jo t ^ ite n>k\' v ! t ^ u ^ N >ic<H <• M<* 
comparison. "With 6 hits: of feedback ir.for/ruiiiorj (curve 106), we see a gain of over 
>.5 dB for the urut ra;>k' be^n&robng scheme over 5ho space time coding sc.ht.DK? at 
an outage performance oi 10''' gams increase fhiiher at; ihv number of feedback 

K v, 'Oai l» w X *)i >t ,% 10 4s ovv. i)nfii 5 

using unit rao.k bivars-jforming schemes, Fmther, tise gap betsveen the unit rartk 
bcamfbnrdng sches^e (c«rv& 104) and ihe higusi rajik %vat«r- fining scheme (curve 
f C) it \' sstiati UJB^vth'SK-'^ .!Tan-r t M^5o^ ,t j-s^no-^ acvwnc^ n 

^ ixv'ioii" iN \< " v> >U ! ? J fuslK >e h fo.(a..v« <fJ< n j 



eigenvector beam&mung (curve 104) wldeh ts. the lhr.bt of the tt&st rank 
beamtbnnixig as the number of beam&rarin»: vectevs gets large is also given in 
jRigwel, 

in the next section vv« will preseat higher rank becurtformmg schensss (spstiM water- 

>}<iwi nuiv^s'ull <tiWirn < K<t h\ux s\ H"ii v ^sK' <~ is*-? 

! ur *np 5" 5 j ^ } 1 s\\> *<. d > h nJeo 1 i*i ? ^ s <■> * 



*A't ?t<~>w propose >dgotuhru *o ever>< the ujot rank bi-arottxtMrt* ;nf-toaeb M 
multiple receive ayttetmas t.o & quantised fpatia! svater-filhog approach for the case of 
two receive urttesmas. The algorithm ecus be easily extended to the case of n-sn-e thar; 
two receive anteimas. Next generation batxSsets are expected to be equipped with tio 
mare than two antennas, due. to size ursd eost coos-traints. Hence, the css« of two 
receive atuermas is. important for dov>nhok trausrmssior; b cellular systems. 

For the ease of a spatial water-SUmg solution, the transmitter needs to possess 
iofonnaiion about the trigenvectors as well as the eigenvalues of }PH. Note that 
tK I r^kc iu* »•»! ,X re iou \ ' h<„ ~*^xi\ k tv *e j > a o >a dv ue r\„ > 
wiil not suffice tot the water-filling power allocators. The iuventiot- employ a 
qt d£tt\<rt vtjtiijon u ^ht b tue ejfe ru clot* \u& thv r-mc aAxabt r» > et>s *u 
quaatecd independently. Tins separation imposes eertahi structure oo the quantize? 
design, which advantageously reduces the complexity of tmplerussiution. of the 
quantise in prac-tk'e. 

In the ease of two receive amsron&s (r. ::: 2). Iff Horn at roost have two ooo-v.ero 
eigenvalues. Hence, the knowledge at the transmitter should ^otr-prise these two 
eigenvectors (corresponding to nou-iero eigenvalues;} us we!; as the correspond? og 
enu n\ ahtei. \ h~ !m ostt« >^ ^ hav& t .xf^f 3 tit it ^gott-,car<t oy^ " f -odr <'C\ 

S 



:evxUvA'..> s <at S>e o^Umcti d \Ik u^v tt ,\^!0s tio^ ^ \ocb o f ,tr- r cen a <*<t . -\>i 
uuonuatsors t\\$ power distribution in the two c;gCB channels is passed back to 
ifce transre liter Further, th^t; no Ws.s ;?r ^ntbnruiti-.^i ;f Ihc power distribution 

V UO f F }o-OK ki k'^k>lY>> N,ivCe JK t>^J))OWOt 3V'i3^UiO!x j K^ LiJOViKU 

the transmute* Hence, vvc can desigo a oompxrtatrorsarsy sirnpk qu&ntaor foe the 
pj-iwer allocation vector. Further w have observed that it 2 bit quantiser oifeetKdy 

) *b >rjf 0 ?! „ j j ,\p»K<< 1l ,< JoOMO -1 ' tk <t ^ Ilk 

Additionally, we can gain up to one bit In feedback rsrsfflivc« by rxning llfei F s 

corresponding to the other csgen ehaanol. The quantizer for Cte power dseTdhuik-n 
vectr<? t-. ^eu m ?\ad- F N^e dust <\o sc k ? u vvhi, 0 < ,V ^ 1 , wnl.f; ; -Ai? 
; \vli-- ie ? bits. u\z used to de^ribe k. 
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Table i • Quarter u?\d for ths power allocation vector the case oi'4 ttajxMiui 



| Water- tlHir^ solo* sou 


ic i 


0.75 '-. <" *, 

•-* ; 


1 1 


0.5 < # < 1175 


i \ 
§ ! 


« < g- < ii5 


■ i, 1 


9 < f < 0.25 





Do eikoi of »'itrtTH<i3% i^pmvvn 'i\>,r\r>k~r \ ivor la 2 hu^ as j»uti r, "ro> l om 

*>«• vf^' { 5 v f iO' s X MHJ Oil J it TJ i >< t.U\^ Pt^lUis ^ « 

v^roo lb j rho ou^uv, os tci- ,u.> rnowa potie* u< ^ tU- u^mj *H<^ f> tlu\ 
M*tvhn- > 1 1 , N-ad\ 'ho dfte^ oS *f ♦Utiiunuii 'ho oovci dlbe .fo*v. u-.u * H^oio 
} .,\i-\s \ ire revils. o; a b\ © h ~ ; 5 ut - ot c "■ v -C-j\ i d \\ it' «<\ t eb iu»>oi 
4. x-ikMmau,) > h i -ciilv i">e ^?e M sbal fn* v v\ ^ oj--. e*os tUv i ;c.\jo. ' so 
fb<n /odonrurux Usss >-l J b^ poo«i-£ qu^nt^e? ^ ^t^irtst u'Oi'W u< ;\<~ 

11 

K- V-e^Ih^ <w\>s,-rh? ^c,Uiv«tA-rior-J^t^fKKU-vociiVtnso^-'s.> s f$ x H 

OornJor j a*o»< M^b^rn&^rn^sMoh^, Cot ^>-^mox.d «<■ vk* o 

U iht p s\ enoo viij iSir N , -u^-'v ih< coasts-- iiioti -ok i\t.o<kk^ w ±* i„v* 
sxvfiotj ?*s vkte.jKiOsO thv bcM w\ 50\orsdi*on jo u-o dotrw \ - v .tiH\(<-' < >rojio Jk 



i <j ,,s]K ot,i»! *<> u v Fo iK *x Umi of r v U^otj,rwc<<r dok^x^-- k 
vi.osj.v N Uk l unUns , >t v isd > i- 1 - t ^o<"-U x i *r is* < hi, o" 

s^-sl' n 0 J fj rsk.it ? <rs<M 

Ho^ <^ok n><: , I <oo,>sksI\> i < a . ds;v eL< < o "X^aots - s< co^oKs & <■>£ ! ^ -*eo» 

~3°0V i! Is^y 5 or 5 ^ ^ v ^ mt _ v < t 5^> jj{ ,<.*0V> i< - vj iv3in.it ^ 

>? soVftfi " vU^ dOjvVC 0J3 300 > 'U I}* C!HW>\K<! V. o OV ptv'MV ^ s 

v ^ t t t <jhM" ^ ^uh\ " i oJvl 1 «» e <s\^ s.^fK^v.V'it o" Uk r> o * 



!«t\ >k * b^ui on<\f\ loiitock is 4^ compn »inj v > >S N ~ 1 j ^ > <. tt * - ^it^'^ i 
^ i fr^oivi t \ 3 ? s 0 ^ ' >e q> <wj MiKiJ r) sk vu-^t* ' Ci 'x^u'vi 5" 

^ ,K ^ 0 .3s. US' 0 !*!0t ( \\\\J>11, 0^ Hjo <! f^l i 4 i sOiM V M ^ "ilO0£ C " *ho 

vectors m . 

t. mC Jtiiov 3 ait v f uoi'm.rfi in B io^upji C ss-ssbb 

t 3,i 3hv ir^ MM'iu. >.k- <ll th - 1 0> U>1^ 5s ^ f >> <4iO ! 0 >K ^ C ! i< > i3 'k 



tri the iHihtH'cm'J stshNpaeo ot the iojss. [\ , <\ ., 0] 05' "0 . H-rthet, the erohedthng r-a'c- 

0? u f 0-> thy the L'M oo o i ".tv. o »" ^ c J o-opod obunr * *e 
t.ouoipouUir.g ^eekn tst Hence, n C,"'- [0,0^0^. c-.j L then tin; c«rsespo-aduj& C." 

Mon. we nuke use «>i'tb<r prupttiy tlat (V ;> m ?he orthogonal ^ubspai'c or 
e^lLo, 0] >n In paxbetihs, w-; tabic the \eehMs m C s msoU that d* ..cute ides 
wo 0; K* A K a ; \ t urrau u\ .tors., o «5-tmeted \> <t ptedrk'uo.nsa ?>h!o ( i her. 
CV such nh.u AC 1 : = e, Now, vve rotate thz eh&mfd m;itn,< H by the sums m;\*vr\ A 
before \s\ cpu-ieaVi the second rectos Fuutvak;\n>\ we route the second vv,ctoa V,. 
by the mains A to give V;" - A\\ Now, see qaann/e V„ ! tt$ the second heranionrscr 
cods-book C>" . Supposu- C\ ? h the vecto* in C> which truiMOWios the mnwr product 
with V;'. ? hen, the transmitter gets, the lahd k and iiv;-. transmitter use's A<CVs ( for 
rran^mis-vioi^ where the -iupewetipt I uttnis lot "cuits ; < transpose upevHTv -n K^tc 
rh.it A is a funciKm of<V only and sroce ths.- ttcvnsinhier lic^ Uubrujauon about CY 
via the teeuih^ek. channel the matrix A est) he repfC«htoe.a ar Use trauanntier, Hence, 
both the re&ulutui eudebook^, € ; and€> ars independent of Ok su.-tt.sas j/bautsc-t 
re&Uxaiksn, 

Table 2: i nbh: shtnuns'. the derod'cv contpkMis as a {uik ntm oi The number ei 
iransnht ani.r.raK (t), wrmv unionr.^ ^r) roe number of points hi the ;cod?0ar;o;j 
constellation (<Q\ k 



|; Dceodmj; eoxnpkxi'ts ! 



Space tunc coding ' ^ 



jusitt sank beatitiur^thig-' ^ r ¥*$\ 



■! Spatial water- uihmt i f|Q| mm ^' 



•wv < n o < *i*"tii^N sp<> U >oi N v t*e '^hcoi^* rr\ - ^ ^iim. d oV 

i wis is JUtC - * iHv LfriivU^wS r 0„ .^u. t.0, NpvK fjn »«xk c>3 V 1 

x UHU'U 0\£<j lv <iv iSs^ Lct>e>P P-iSSt-Sj f « ^ ic<~ " U\ t ! "Su, < s 

ir iotuvnl' * « iK- c i tt i s o a vMps, wi. s^c^n, v.n 

U Os^ » •*< >. l {• tso >. jiji n iKtiM'^Iuiiiw < i c 1 ^ ill a" ^ T 

( mi^vot<^c<v mw n\oa^ u J V<)c ; 
j M f "ini? k o* *ie <ns Tfj'vt 1 s 1 i M j s>i >o <. n ihittii 

i« owk v\5 ^ a v< Hi a j vhv 3 »n c^m <at <s~n 'Ivp^K ^ it<v*r>»>*i> i 

5" <?i , _v.iti.uv --sxi v iip t. < \1ir^> antf 'i t1s>< suv tum o ^v.<.*^ K^iAvr tK 

ri ^ >. s ' ?(sc ' "* '» - 1<> <-'\) t! joe „t v cnr.* . it" umu *h 

q 1 i s HU it! ii'i, i 'Wv.ol^ i< rv\ ^ "u>«nMjK< wvl 

v> j I. < va\^HiJ: h u\U\K 0 <^vi>' "jv.it!. 1 ^.tfi'^i Wi^ 
^> uH 1 \o iors JOij> -i ^ j\'J hjtuo uv<\iik ko,v oi 

_4 lO^Uv i KoJh c ^us som1-< m *n \u «T.>Ut ^ y«f 

oi f t : 1 sprc- '»iis t.< t - f v tliv c oi - ic d>>«> ! hsh - } - ; b 
o * f> <al^ ) m." o< I'O) ^v,pti 0; b -Idt <• iskf^ io\ S> s > t it L 
n\ ^ » son - -ml ^ \u oss d" <■ -cou, ^ e s H*s K \\ s h h vt:d^^\ b«to 
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? K observe a gaio of about 1.5 dB v*xr ih& space time coding scheme. 1? should also 
be pointed out that. die una rank beandbroung scheme performs worse than the space 

3 imw code uj tl)is case, 

5 'ho bco^u "^mg io^e^^ * for ? -ehud? * e mn e~d "eex-^a an ern^ svnK"^ 

6 ii <m _1 n^»e ^b~n ' tKniv. -eata n <y \\* ^ "oi^L U' 
' ? transmitter. The oott imxlf be^mforatmg solution results in a Sow complexity 

£ decoding structures as well as pertbmiaace gams over cfearutti ag>n>sne space time 

v coding schemes, Au atgonfhns for impl^rjestiag higher rank transmission schemes, 

I 0 such as a spatial water-8Uing solution, using low complexity quantizers has also 

I I fassfi illiisilrated. In all the cases, a few bits of chaaad stale information at the 
1 2 transmitter can lead to substantial pc-iionoaneo gain?; as wed as reduction irs 

\ 3 decoding ? ompkx'sty. 
14 

S5 1 th e^t ^* ec v t b >n tv ^tsf o' ^ooti h-^^ i i^osf^^nJir^ 

16 transm t end a °m»V reeeo u ^ssun, c.o h 1 p <-v ; „t the desnra ea v,>nv t y 

I V time conskdktions.The design of th$ ynuary space time eomaedation is a duai 

; S problem < *f th<? design of gooO beannorrsers wilb ths coherence time in the case of 

I v' tbe ufui&ry space time eotiueHswiou given by the number of rransmi i antennas in the 

2.0 v e\e oi -be In ,ae osr^er eVsen ps eblcn ^Ke tl s, ) nmV; of recent* aee eras e- nv 

ii equivalent unitary spaa; time constellation design problem is set to unity (which is 

2:'. ? ih r> o<. ouev^nc, *nau ur hv^vSsomiirjiHvbit » W ^ ^ taeln ds 
23 o ^.jkt' >. »n \\ -s.o <.! id^nrr^fr^ be MsvnvJ n* o^,n ^v, ofvata •> { 

2« f.ti^ conMeiheur. as u Kwm^va^i * tfh the be.p or ?r. '-xan.pie ^ e use the 

-5 io^ex bomul outage perfon^snee of beauifoixnsi^ for cvahnuittg the on fonnanro ot 

26 the unitary space time oon&tdlation as a bearefo.rri5er. 



Unitary space time consiellahons tor multiple antersna systems xvers iatroducsd by 
Marietta and HocbwaSd m "Capacity of a reobiie mtdtiplft-ar.tenna e<}jnnj«nioatior: 



S link M r&ykigh ilai fading", IEEE Transactions on lofbrm&tkm Theory, pp } >}} - 

» 15 Idn^jr*. t <! W ;upie*;cu',r\ Hk> ^k>^oo ra it if uru.ev <st\Ko <we 

3 constellations achieve lh& capacity c-f multiple amemus systems when the channel 

4 3«u< nrutior- eol av aik-J-k- dt bom i>o vt*m..;r.Htter and the ;eee<\ \i Xh ; -aW^er. 

ii wssc asvor probahihsy was given in 'HJratary space-time Tnodulfnion for rauUiple- 

7 <vte ^\^-> n.vtr\» a;u~> if -m tavle^h tiat i>.r;u; \ .5 >k h3n^% t?s m, j.-<f<^e? a.on 

5 Ko t N voJ^ , i\> ^ s >i \ 'iu, \ ~i ^ ->n « ^ ^> <.*.<> "t^n :in<> 
9 of signals 

! 0 ;"; , ?■% , K : .. ..;-; v where -s €'' '* ? Hers T ss the block length of \bx code fk;-s than or 

\ i e-rsal t v the olo'sctK-v' ;u k oi :1k > hause-h bed M Ivs the e-Jt^ysvU^-Oi autuH. 

1.'* et 'rtswt vM tira\ ^> t^e.o , In* v au-c ;\ V ^ s\->>>ti lut^o 

1 ?- dssigxi cfiur-ion for goou unitary space time coisstelktlossx to tenure^e C > where 

where tV -'cvis mvn< a X'U' r> a j ^ala- i 1 ehe^ s< " oenr et ^ u v <t \ J<" . \ h,<. or 
Km! 1 ^-er* b\ M s > iu-; e 

I ' < ofl\ do* V k JxV„ , oi < ^ <a >x '*t v exn i o fiptrstm* \ .v^ t , s 

"t 1 uti j ! < n $ i \ >^da m x» "-s-^i s^Ahjv e<.iaec^, s mH v <- 
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vvitcre C ; c C' v ■ The de&ig?t criterion for uakary spacs tirac coasteilAtimis giver, in 
(J) reduces to the design criterion, of beaoiforrners given in (2), d'vve set T ::: n and 
■vt- i ;r> 0 ). We ioe. ast equivalence betwseu coherence tsmt; f bi ihe enu^n 
u^ii',^ t 4 i i f w 3^ tic ,no be w ira o, ,ims 1 tV 
bcamft>nr t jrig design problem 



iHe b^ r eaten * to? Ka'j?cin>^Hr,b^as it^u^I suK^x un^ci ^ 
s qtiite v^u 1 <.\hai'\me *.vorp lU ^ v^ci err 5 tv tr^cd .o eox vma j-Ccm 

b n ho. . o«i , im <i s>o to. t < b k i t txve ic n^g N ck>> >\ ^ no x SorA >» < 
p&r?kular way of deigning these bcamtormers, via., usmg a Fourier based approach 
£or amtary space- rhas racsteUaikms. ;-iochv;a.td ct si m ^Systematic design of 

tpaec-hm^eonHel'^uoTtV' U-bb s>a,e.sactsoPs * c hUTmaooe 1 re>^-<, vol 
4o, pp, i%2-I°"3 } September 2000, considered the problem of imposing structure 
en ?he unitary sp>ioe tkne constellations for e;isiei encoding- decoding as well as to 
reduce Use dist^nsioruUity of •h-;.- search space dnrrog the desu>}5 process 1 he 
equivalence- or good be&tnrbnr.eri: v. tfh good amtaro ^.p^ee time eortfteilatiocs 
established in rfee previous sesbon repass the hs&eno unknown properties oftbs- 
systematic construe boas. We will show %h&* the uroiary space time cor-stebatioos 
designed by Koehwald et ah The cited re&rertcs serve- &s good beurnforme^ for ihz 
dual ptoblero svilh the new meaning of the number of transmit antenuast attached ks 
coherence time as discussed above 

Consider '..he sei r>f iiuesxr block codes defined by the lv x T geacr:Uor matrix Vk 
whose etejneats ars in ring of integers meduio~q. The code € represented byV 
comprises codewords C« giver, by C. ~/U } where h$ a ) x K vector with element 

^ >t ^ R FUu h -wvi >!(, t oti. jook s\ ! s o o^ |o ! e^ tit i< 
ate mapped -tito signals by mapping the integers i,n The codeword iruo cojjiponer.tv of 
a complex signal vsa tfe- tcsssfotmaiios 



WO i«!i4 



U'\nu " 'um in Hi« * t> e.ti i 3 „ <. » i ah ii iv^. 
;< i, i -p(« t >»i « p ; b o d swjn* *>ton oat. - t Jiwt % ivl<?'lv. i wiu ^ ^ 

Hi . orcsijoo tunc ** ^v,n b> 1 $ On* oKv,< < .\hsr Jos U » ih^ w,Ho.ii: v. okv 
M itfe-uioo ^ehauic'.ri^bvr If 1 ]4 ^ u K 1 S, \ Ia^ ! >- 

>>.M^ i ^ 3 <"k^ i"^ • , i V u, it « hit t'k'tn.u ,a ■ s< i5 

1 c-< i ,\ iOswodu:.; '<v», ot N^hx 1 ou euuge y>-obcv^U\ fV p^o ? marine .r '-r\co jnv 
I ' ^vio^ WW h iio 3>t tc-f .x»v tmisxkk >.nf> ^n^iViu ^ ^\.cn in ^ >iLvx 

;<■; f;rsiMw wit tuk- s «. i >^w^t < t»i\v n ^ toOv o 

!? 



! receiver complexity also from tbc beamier;' 
2 this dooojneai 



i arcxjot quantified in 



4 -in I \ m> n o! o\ ■. r uu(iil i Iru 1 *^ ^ <n^( 'is c 

5 cc-j^tdlitiOB m r^r o^e oar- scions J b> ' \ .\ 4 ,uk; V - U U'j. 

6 *. \ I ^i!k "v v kk it t r. ..km <*xJl J' <*t\*.ol" 
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2 3 3 3 0 
2 0 3 1 3 
0 3 2 3 3 



For the- e^se of 64 beaajferrmng vectors, xve preseul sjjQtherstraijfhl-forwartl 
heamfo^ang o"hur.e cvrrpa^on We vne 1 b * t>* ciuurorrc i\v p.use n + l> -.c i\o ,N 
ijf e&ch one of ifo eba&oe? csdrtcie-its. leading io 8 bits m &ll> for S ehsnnd 
coefficients. The pertbnttance of this bearaibttner is also pkrtted m Figure 0. it cat) 
he seen that The pwfbaraoce of the oenstnteted beamformer is sg&bi tess thax* 
O.OSdB away, ftoju Uie correspond^*?, botmd . Farther, the gam compared to the 
space tins* codiug scheme now inereaies to about 6 dS. It can be observed iroru the 
"Mo'lMf*. ■> ouf v.orijf>i >l l» »het* v^, c/ mi <U\ tt) -sUo Tj«*- ^ 
that Ihe &y$t$rnatse (.miliary space time coosldktioris serve as very good 
hessTiforrners;. Some more ctmstructfons of the beam formers for n~8 rransrrdt 
.kle^vui" e;e-. be s>Ma <x J rrovt the diet; n lcre\c."- tot *tn ea-;e\ > . N- 5 <■ ■> * m 
) ?9o and :2<** vector. 
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ms „ <.<.mmr t'<?tK>r> sWsvs ^ s\ a vv*iST\\\JCit v\ c A b^iv xor < x ^jh><\ >•>. 
s si ]C\ ivtt v.«. <.i ! n *s Os Uni<rl ' 1 4 H J Mi 1 ^ tl i<> iMM 5 x 

* frtwt'o^, the »\Trsrtnv\ 

o t^o<> .omt* ' civa^VsA ( 0 ^ f<l <.tori> u«o* nsoiL> ^ tn^vn^sM :>}*>'}„ 1 

- v o Ti<~. N idm^ 1 t * r \ < I > itjx i>> ^f^rs c^-ew * r b pio^n ^o ht. vb *!)<>. 

^ %■* vxtrv n-i^g a dxj-Ott' - £ c b.5\o ewo, v s ^tc' v-s^ juj ^iitcijU' o^rou'-sUL <,s 

^ leas* two ekmexas: 

' ^bsn^ei na?"Ach ic>k vi; attic hv sc *rmn rt i,^. o^s ui\ek. r f vC 

i $ kum *he base stMsoss, 



\ ?. A nctS^ c*ce«>i>iirs> tc <.kup: . r> wine*; sl c-> c\^-cto; <-\a«3 cL^oeii^M* u> 
"* pun jJou by a i 3,knh,kivi b^»t\1 >f" ^au. ra^Tic'^r 



i ^ <\ HHtl^oJ 34.0s^KH^O vkMfi 4 X V-Vob 031 a^T^'VtOr s^'t.- 0 l iS'SUM ^<<bA\" 



^rn.* oo !.~oJs!< ii^.i! "\bji. is "Jo C <x-sk^ ? ,h 
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^<„CtuK that ax? u*c\l o> the mabste ^aU<m to e-*snx.n<-< tbo ras?f."ctes> y Hv, "barrd 
;vov?deJ bx a^U.ubtxvrx kxs&l on &aiJ pax xm<Je; 

1" AiueUxsO v&ootda ; i to -J^nn i', .a xviu^h j* ski ;aie,*aiv;s ts ^i<-rxx\i jo a,ud roobtt, 
station. 

1 A rieUioJ ot ivs niui», h K*at^ of a . to bt* f : ar.^ .mcO ir» m a ba»* Ira 1 ^ lcjv er 

,o a ~oouv r*r snor w*oo,-\ \i\ « centr *-»<n >Jm> xl l< tvkcx. a Xt^ -v* o cud ^ 
loohsks s;:Jicn hd\f«f Uv«> .xrUx^rxa,-- j>nj '„ return o'sao tor duu tr cv?Tr^ted fiosv i^u- ?\^bit- 
t-r^tion to the base station, the :xtoffcod eomp^stngt 

ptosxdmg a ciccinvk t C ) c>t ? t j:*n\ciz:$ Uat nioany a lumr ttoo ^gra? 

r:o\i^i,„ a ohsxiind js,ax:u x It } xd p^tntuu- scprvA-sxlxuixtht: prt*psrtvs <>f\ki, JhzrjH* 
tv^^'Ytvm^' j ^gfiti tronr mo ■status aIojui two er'rwe/kv^ ct:>a mcl "he pov\o- 
?A\<i.3hviiW\\\£>A'> is&uU^ o uge;xx;;e:t>:;-b<, ^qti^I'sd mvbp^deitih *sasn Iht 
5 .uKt5T'"z of t ,s .e x uyra'cvtoo. 

t~ \ rr edioxi axxouiiiu" \<t ohirni trs v%»i*ch the qox^u/auon t»t iK* {w^or dA^^Oois 3? 

L< A r>K-?r-oJ a^vrtbn? to c-aire 1 * in *>hii h F - ^ h s ro - F 

t\„ pi<v,es so *iv3oa jojj^ t>u^u\t\*ot x^d k .s soitxteO ketu ^u\y< o^voaMtu, I ! >, i \ a id 

r wlvti H i a com ^oroio.cK > C i\ . 5 ^ . «• /\ 25 < S < 0 l- i vi < S ^ 

p 

tniU?ong tiv n\ or;».> in fK^tv.^" <mtf ooobooV ih^t n . v n).vs |//^.( ! ) 

I " '\ rootkM <Vv os imr u» oL^ ss \ *> v ti « bsoH if e ^ .\T-d of n\ ^ & ,srs i l'.ot^ ;n > s^aluoa ^ v 
{V « bag tlun sCcoj ss> <io ou"i«v n * pn^^p.t^r to tbo ttss? v.sgo:o«nr^ to.\* n)<>uvri?!> iio ivm 
\^\ auol ^.!tis abc-irnsor^ei . N cJ«"s iox tlo. ««;iiou->oai Mibn^'- A- tJis-t^odiKxVft 

i» ! ^ j isa 1 - t us * s i Ji Kv[i x'^ l s t oj < ix a » - 1 

porformsd at tho recexvex., 

W At^A-^od avtx<\0ao i^oiavn}^ xn ^vH>cti ^txivb l \ - 'J^ ^:<cro \ - 1. i] \ 

X.t- <v/>»rjr ti.c don-jo* ioj^ixv^ h i-i k ?ok-of. d t.osr rbo sava^ <osion?!og K . 1 <sks 

0 ^bon K *i ^ oor"t.»p-nJ'neh 0 0 ? * ;N / T5 < K v <* - at\1 ^ < k < > 



V-VS.' v-J Oi ^OtMUKm^ >K,^ OT\X00 ^ ■v SitU -tf^SrOi 

r<M.\H 1 , iwt* t \ < \ OvVski^i su>t n' *s o~k> - „ s > I ^<v> u v >. j^t? T 

<n J > - Uvjter x . tu v.r <.< ^5 h » £ f o «. < vat t as^v, *v.<«i r v r v *ri'TS£ 
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Mi« >> vu M v <.< heau uv ~ '<i\uv^vWpr '.->'' ^ 

h I id* i \> k s ) )lK\ ( U i) l!n K iiO 

ou<' ! > ,, x i~>t >( I ( * « \ -> - u) ^ 1 ^ \ \i<. ^i' v. v.< > k Ut o i s ,th oj'e v nk.? n i >,i\<2. a 
\ppS ^ivUao* Va.^ h^<! ^ < sHe \h< vfcrit. v "i-w>»>> 

U v i i'a <\ h ^<">0u.« M tu U«S vi ! t oi\ x <o*\!i h<. <oi 
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\ \ r <\J\ a a ~<>>dv to ot ti? * oT ot ^> ati < bo -son<\ t>f bo t ^ ati\ I 

>\ ■ "» u v \ so btabor nas^^n ot hi a ..oium o*. ^.i, n ^ -\~r Itaur j t^r-imitHn J. »\ 

s K n?K ! £V!> O^B 1 K V \r it 0^ ^ ^ v iV^L »t3(« > i -43 1 1 JOOSftt clUOilO tC* J,it, 

c'mm 2U; 

V\ ^ , o > t iiiuk , N i , u\ i SO » * p iur >etoi ^^^oscnt v di pi ^tt> ^ <>i ^ ^\ o\. 1 
UjWmJujv istsm.'i f o otbotrse st,J:>^ dona a o oiao ><s < >r & 
0*5* \ Mi};' U 0 *U w ■ain'n \\ 

Kou \ v3 ^roUiJ sK'i<jJ nt *<a, ?\ot N u< *tit »> , a vl , <as xutsr^ o pau^-etor ir u o 
r*bi^ r ohir^o -s *o ot t> <m^, oivP.<\ s^Kttr;; 5 o ^ ^ ? t>t <s ;>«,«o,ro t 
or* ^Svk 'Hii Mir «tit?» t -iciuc>w ti fi, *r ..niKs* < \ c toe*- \ou<e p« ora* v 

oaoj tla. iiims- clrn oao 

i^pKMij^ ^ skbrot ux?t^r owGcokd *tii.i \ci> cv<* p ow on u ^if^quou* 
irarv^ < \MiMU> tfa o,5m; «kk or 
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